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Lead-free solders are currently used in the electronic components industry to reduce
lead content in consumer electronics. The most popular lead free solder
which is used today contains a composition which is made up of Tin (Sn),
Silver (Ag) and Copper (Cu). This material is called a SAC solder and the
ternary phase diagram contains three eutectic compositions. These three
compositions form three distinct solders which are referred to as SAC 305,
405 and 387. The three digits refer to the percent composition of silver and
copper in each material. The first two digits refer to the percent composition
of the silver and the third digit refers to the percent composition of the copper
with the remaining composition consisting of tin. For example the SAC 305
has 3.0% silver, 0.5% copper and 96.5% tin. The lead-free solder which is
used most often in industry is the SAC 305.

Sample Preparation: This research is a continuation of previous research which analyzed the effect of gold
percentage on the melting point of lead free solders. I started this research with 36 semi-spherical samples of
approximately 8 grams. There are six different base compositions: SAC 305, 405, 387, 305-405, 305-387 and
387-405. Each base composition has a range of gold percentage from 1% to 6%. Each sample was mounted
using an epoxy rather than a thermoplastic to avoid additional annealing. After the samples were mounted the
initial grinding and polishing steps were carried out in the UAH properties of materials lab. The grinding grit
size progression was: 120, 240, 400 and 600. Each sample was polished to expose the top and bottom surface
so that the sample may be grounded in the SEM to avoid charging. The final polishing steps were preformed
at the Nextek Inc. research lab. There the automated polishing system and ultrasonic alcohol bath allows for
samples to be consistently and efficiently polished without contamination. The polish particulate sized
progression was: 6 micron, 3 micron, 0.5 micron and finally colloidal silica.

The results to this research project come in the form of answers to a progression
of questions:

Gold Embrittlement is a phenomena which causes a solder joint to fail due to the
introduction of gold. This failure has been known to occur in SAC 305
solders when the gold content reaches percentages of 4-5%.
A Scanning Electron Microscope is an analysis tool which uses an electron beam to
bombard a sample and detects the energy changes of the resulting electrons to
determine molecular composition. The SEM can be used to provide gray
scale images, composition maps, elemental spectrums and molecular
composition of a given sample.

SEM Analysis: The polished mounted samples were then placed into the scanning electron microscope in the
Nextek research lab for analysis. The first step in the sample analysis was to determine the composition of
each grain present using the elemental spectrum tool. Then the compositional maps of a small area of each
sample were taken to show the elemental dispersion among different grains. Grey scale images were captured
of each of the samples at all of the gold content levels at a magnification of 150x to determine the area of the
samples that were taken up as a gold-tin crystal phase.
MathCAD Analysis; The grey scale images that were taken were analyzed using MathCAD. This program
allows for each image to be converted from grey scale to a binary format at a specified designated threshold.
The original images contain an area of 512x512 pixels which are each assigned a brightness value from 0 to
255 as is standard in grey scale images. My program was written to assign every pixel a value of either 1 or 0
depending on the brightness threshold. For example if the threshold was set at 200 then every grey scale
value of 200 or above will be changed to a 1 and every value below 200 will be assigned a 0. In MathCAD
these new values can be treated as a matrix and then counted using a simple program. This data will be used
to determine if there is a substantial change in the percent of gold crystals which would be the cause of gold
embrittlement.

Where does the gold go?
It is seen that when the gold is added to a SAC solder a new crystal phase is formed
by the gold and the tin. These crystals are the bright phases seen in the grey scale
images and when the gold percentage is increased the number and size of the gold tin
phases increases. The gold also enters the copper-tin grain which forms a gold-tincopper grain. This addition of gold is highly favorable and after only 1% of gold is
added to the solder no copper-tin grains exist without gold.
Where do the gold-tin grains exist?
At a gold content of 4% and below the gold-tin grains form around the tin grains in
the matrix. This can be seen by observing the image below where it is obvious that the
gold-tin grains (light) are surrounding areas of pure tin causing the formation of what
appears to be a circular pattern. When gold content gets to be above 4% a change in
the grain structure is observed, especially in the SAC 305 solder samples. The grains
change from a decoration of the tin grains to form a dendrite pattern in which the
other grains seem to have no affect on the gold-tin grains. This structural change
manifests at the percentage of gold where gold embrittlement is known to exist.

SAC 305 at 3% gold

SAC 305 at 4% gold

SAC 305 at 5% gold

Does the transition from grain decoration to dendrite formation cause a
disproportional change in gold-tin percent area on the surface?
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Grey-Scale image of SAC 305 Solder with 4% gold

The percent of area covered by the gold only shows a dramatic change when going
from 4% to 5% in the SAC 305 solder. This range of gold percentage is know to be
where gold embrittlement occurs for the SAC 305 solder, however the pattern does
not exist in the SAC 387 or 405 samples.
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